The most essential effect of grazing is soil compaction due to animal traffic. The study was conducted to investigate the role of cattle grazing in soil degradation resulting from compaction using infiltration parameters at the Beef and Dairy Cattle Research Station of the Department of Animal Science of the Faculty of Agriculture, KNUST. Two fields, ungrazed and grazed (with a stocking rate of 120 cattle for three weeks) were used for the study. Physical properties such as soil texture, moisture content, bulk density, total porosity and aeration were determined. Field infiltration studies from which sorptivity (S) and steady state infiltrability (K o ) were determined were conducted with a double ring infiltrometer for one hour to determine the cumulative infiltration amount (I). The time-to-incipient ponding or runoff initiation time (tp) was calculated from the S and K o values. Mean values of I were 1490 mm and 500 mm; S 2.72 mm/s 1/2 and 1.030 mm/s 1/2 ; K o , 0.060 mm/s and 0.0080 mm/s for the ungrazed and grazed fields, respectively. The tp at a rainfall rate of 5 mm/h was recorded as 79.00 s on the grazed field and 419.00 s for the ungrazed field. It was observed that rainfall rates in excess of 10 mm/h would cause instantaneous ponding and/or runoff on both fields. Grazing by cattle was, thus, established to be deleterious to soil structure and infiltration due to soil compaction. Overall, infiltration parameters were found to be very useful tools for the evaluation of soil degradation due to compaction.
INTRODUCTION
The compaction of pastoral soils by animal treading has been recognized as an important process for physical degradation of agricultural soils, yet, this problem has received little attention. Livestock have two main effects on soil: they remove vegetation, thereby, exposing the soil to wind and rain and either trample the soil surface dislodging soil particles or compact the surface reducing infiltration. The result of these actions is to increase soil removal through soil erosion. Studies on grazing and soil compaction have in general shown that the exposure to livestock grazing generally, compacts soils and that soil compaction increases greatly with grazing intensity. Further, Compaction under livestock treading can be substantial and this contributes directly to decreased porosity, loss of pore continuity, higher bulk density and soil strength (Packer 1988; Greenwood and McKenzie, 2001) . As consequence, pressures exerted by grazing animals and the expected compaction can adversely affect water and air movements, seedling emergence and root penetration (Marshall and Holmes, 1988) . The rates and pattern of damage, therefore, vary according to type of livestock, water availability and whether or not particular trails are regularly followed (Barrow, 1994) .
Cattle can weigh 500 kg or more (Roberson, 1996) and the pressure exerted on soil by moving cattle has been estimated at between 1.7 to 4.2 kg cm -2 ; by comparison, tractors exert pressure of up to 2.04 kg cm -2 , whereas a 68 kg human being exerts a static pressure of 0.4 kg cm -2 (Ratliff, 1985; Abdel-Magid et al., 1987b; Drewry and Paton, 2005) . In view of this, dairy practices can be expected to cause soil compaction due to the intense and continual stocking pressure and machinery traffic, especially when the soil is wet and most vulnerable to compaction (Brady 1984; Warren, 1987; AgResearch, 2003) . The destructive effects of livestock grazing on the physical properties of soil have, therefore, been reported by many researchers in scientific literature (Severson and Debano, 1991; Sun and Liddle, 1993; Fleischner, 1994; Lauenroth et al., 1994) . The severity of these impacts can be evaluated by assessing rangeland and soil conditions (Curtis and Wright, 1993) . Thrash (1997) reported that the concentration of large herbivores on a field has negative impacts on the infiltration rate of the soils, with the implication for increased rate of soil and water losses. Accordingly, Singleton et al. (2000) observed that grazing animals can severely alter the hydrology and drainage pathways at a site by compacting the topsoil, which is indicated by increased bulk density and decreased macroporosity. This can result in a rigorous decrease of the infiltrability of the soil (Pietola et al., 2005) . Also, since the compaction of soil is connected with reduction of porosity, and macropores are the primary pathways for water movement in wet soil (Bevan, 1980) , a reduction in these by reason of compaction can restrict the transmission of water, therefore, the soil is frequently too wet, thus, increasing the amount of overland flow and erosion. However, studies aimed at defining and quantifying the grazing treatment employed for experiments on the impact of "grazing" on infiltration have been inadequately carried out (Tate, 1995) .
The objective of the study was to assess the possibility of using infiltration parameters as indices for soil compaction resulting from cattle tracking.
MATERIALS AND METHODS

Site location and management
The study was conducted at the Dairy and Beef Cattle Research Station of the Faculty of Agriculture, KNUST. Two fields, grazed and ungrazed were used as the study sites for the soil physical and hydrological properties under investigation. One hundred and twenty (120) cattle were put on a field of 100 m x 75 m to graze for a period of three weeks. A reference (ungrazed) field at the research station was also located and used as the control site. 
Data collection
Random sampling procedure was adopted and soil samples were taken from five different spots on each field for the determination of soil physical properties. Moisture content (by volume) was determined by the destruction method (Klute, 1986) , texture by the hydrometer method (Klute, 1986) , bulk density by the core sampling method (Klute, 1986) . Total porosity and aeration porosity were subsequently determined from bulk density and moisture content. Field infiltration was measured using the double-ring infiltrometer (Klute, 1986) . The cumulative infiltration amounts (I) were plotted as a function of time for each spot on a linear scale. The slopes of the cumulative infiltration amounts taken at different time scales represented the infiltration rates (i). The infiltration rates were plotted against time and the steady state infiltrability (K o ) was obtained at the point where the infiltration rate curve became almost parallel to the time axis. Plots of Cumulative infiltration amount (I) as function of the square root of time (t 1/2 ) for the first five minutes were performed and sorptivity (S) was obtained from the slope of each plot.
Analysis of Time-to-incipient ponding (tp) or runoff initiation time from sorptivity (S) and steady state infiltrability (K o ) using the relation (Perroux et al., 1981): where,R is the rainfall rate (mm/h). Rainfall rates ranging from 2 mm/h to 32 mm/h (6.0 x 10 -4 mm/s to 9.0 x 10 -3 mm/s) were hypothetically selected.
Statistical analyses
Since all measurements were done in five replicates, the resultant data was analysed using means and standard deviations. Analysis of variance (ANOVA) utilizing Complete Randomized Design (CRD) at 5%
LSD was employed in the final data analyses using Genstat Discovery Edition 3 software.
RESULTS AND DISCUSSIONS
Soil Physical properties
The results from the experimental data of hydrophysical properties are summarized in Tables and  graphs below . The values expressed as means as well as standard deviations illustrate variability of the individual data sets obtained from the two sites. Again, the differences in the soil properties within each field could be attributed to the effects of spatial variability emanating from the interaction of the various factors and processes of soil formation that operate with different intensities and at different scales as well as the anthropic effects of agriculture.
The results also showed that the soil physical effects of compaction were as not as severe as was expected from the visual appearance and were generally restricted to the 0-5 cm soil depth (Drewry et al., 1999) . The percent composition of sand, silt and clay from the particle size analysis, when read from the textural triangle indicated that the soil texture in both fields was sandy clay loam. Table 1 presents a statistical summary of the results of the soil physical properties obtained from the study sites. ). On the other hand, the total porosity and aeration porosity were found to be higher in the ungrazed field (31%) than the grazed field (22%). The results from bulk density measurements, thus, confirmed that grazing led to compaction of the topsoil in the grazed field. In addition, the porosity data (total porosity and aeration porosity) indicated that cattle grazing caused substantial reduction of the soil pore space. It was, therefore, observed that grazing can affect the surface porosity of soils as a result of trampling and removal of vegetation. Accordingly, Hillel (1980) found that grazing animals caused an increase in topsoil bulk density from 1.22 g cm -3 to 1.43 g cm -3 with a responsive decrease in porosity from 17.3% to 7.2%.
The higher bulk density and lower porosity established an incidence of compaction on the grazed field. These observations confirmed that bulk density and porosity are the most useful indicators of topsoil compaction caused by cattle treading Drewry et al. (2000) .
The moisture content of the soil was lower in the ungrazed field (17%) in relation to the grazed field (24%). This result could be attributed to lower porosity resulting from the higher bulk density in the grazed field. Since soil pores are responsible for water transport in the soil, their reduction may have caused a restriction in the transmission of water with the soil becoming frequently too wet (Relf, 1997) resulting in increased amount of water available on the soil surface. Additionally, the grooves created by the cattle hooves may have served as storage points for water in the grazed field, therefore, increasing the amount of water present in the soil. The significantly higher soil moisture content in the grazed field indicates that cattle tracking had resulted in a disturbance of the soil by increasing the surface roughness (Betteridge et al., 1999) . Increased surface roughness may have reduced water runoff and sediment loss by lowering kinetic energy of surface water and acting as a trap for detached soil particles (Warren et al., 1986a ) and running water. Table 2 presents the statistical summary of infiltration parameters measured in both experimental fields. The variations of cumulative infiltration amount with time for the experimental fields are shown in Figures 2a  and 2b , respectively. All the respective spots on the ungrazed field had higher infiltration amounts than the grazed field. For instance, the terminal infiltration amount of spot 1 on the ungrazed field was 1320 mm compared to 510 mm of the grazed field. The plot of cumulative infiltration as a function of the square root of time for a period of 5 minutes for the study sites are shown in Figures 3a and 3b , respectively. Straight line plots were obtained and the slopes of the plots gave values for the sorptivities. The sorptivities were higher in the ungrazed field than grazed field. The mean sorptivity of the ungrazed field was more than double of that of the grazed field ( Table 2 ). The plots of infiltration rates as a function of time for the study areas are given in Figures 4a and 4b , respectively. The steady state infiltrability (K o ) was determined by extrapolating the line asymptotic to the time axis (x-axis) to the infiltration rate axis (y-axis). The K o values were significantly lower for the grazed field than the ungrazed field. The mean K o value of the ungrazed field was 7.5 times higher than the mean value for the grazed field ( Table 2) .
Infiltration parameters
The results arising from the infiltration measurements clearly show the detrimental effects of cattle grazing on soil. Infiltration rates on grazed site were statistically lower than on ungrazed site. The lower porosity (46%) in the grazed field depicts a substantial decrease in pore structure in topsoil. This observation clearly points out that grazing at any intensity does influence the infiltration process in a field. Livestock grazing effects on infiltration, runoff, erosion, on-site water use, and consequent downstream impact are, therefore, of great concern particularly in highland agriculture (Mwendera and Mohamed Saleem, 1996) . With the decline in vegetation cover on the grazed site, soil bulk density increased, while the rate of water infiltration decreased with a concomitant lowering of tp. 
Time-to-incipient ponding or runoff initiation time (tp)
The mean values of sorptivity and steady state infiltrability used in estimating the time-to-incipient ponding or runoff initiation time (tp) at the various theoretically selected rainfall rates are given in Table  2 . The variations in tp with rainfall rate for both sites are given in Figures 5a and 5b , respectively. Values in brackets represent standard deviations, CV (%) = 8.40, LSD (5%) = 47.13.
The tp decreased sharply as rainfall rate increased ( Fig. 5a and b) . However, it is evident from the results that it would take a lesser time for ponding to occur on the grazed field than the ungrazed field. Nevertheless, rainfall rates over and above 10 mm/h would produce an instantaneous ponding or runoff in both fields. Table 3 also shows the critical time-toincipient ponding for rainfall rate of 5 mm/h. On the ungrazed field the time varied from 400 to 450 seconds, while on the grazed field, it varied from 74 to 85 seconds. The mean critical times were 79 seconds for the grazed field and 417 seconds for the ungrazed field. The statistical analysis (LSD at 5%) also indicated that this difference in tp in both fields was significant.
The analysis showed that it would take less than five times the time needed for runoff to begin on grazed field than on ungrazed field. This effect could be inferred from the higher soil bulk density resulting from livestock trampling in the grazed field (Warren et al., 1986c (Warren et al., , 1986d ) with a resultant reduction in water infiltration into the soil. This may result in an increase in surface water flow and sediment loss (Thurow et al., 1986 , 1988a , Warren et al., 1986a , 1986d . The smaller time-to-runoff generation or ponding in the grazed field could thus, be attributed to lack of soil cover, high bulk density and the lower capillarity and porosity. These cover and soil effects of cattle grazing could therefore act collectively to increase the erosion hazard of the soil surface in the grazed field. This increased overland flow and the subsequent erosion can actually affect surface water quality due to greater amounts of dissolved nutrients and suspended sediments, pathogenic organism loading and transport. 
CONCLUSIONS AND RECOMMENDATIONS
During their foraging activities, cattle hooves affected several important soil characteristics, mainly through surface compaction as revealed by the results from the soil analysis at the sites examined in this study. The presence of cattle led to changes in the physical properties of the topsoil. Bulk density and moisture content were higher and porosity (total porosity and aeration) as well as infiltration parameters was lower in the grazed field. Although the grazing period (3 weeks) in comparison with those reported by other authors was significantly shorter, the results showed significant impacts of cattle grazing soil physical properties and infiltration parameters. These changes could favour the occurrence of overland flow and its attendant soil erosion on the grazed field. It is further concluded that infiltration parameters are ideal for the evaluation of compaction directly in the field. There is, therefore, little doubt that the presence of livestock can create detrimental impacts on soil quality, but the relative impacts of different grazing tactics are less clear. Since removal of all livestock (cattle) from the landscape is not possible, management strategies need to be evaluated with the knowledge that compaction is likely to occur. Detrimental impacts can be minimised by a number of intervention or strategies. Therefore, from the study, the following recommendations have been made: (a) Confinement and supplementary feeding of cattle.
(b) Using amelioration tactics to repair subsequent damage.
(c) Soil improvement strategies such as drainage of wet areas within the paddock.
(d) Temporary relocation of livestock to more resilient areas at times when pasture soil quality may be compromised.
(e) Rotational grazing strategies.
(f) Future research needs to be focused on the "best" known grazing management practices, not the worst.
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